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Studying  the  interactions  among  growth  factors  that  act in  the  ovary  is  a fundamental
step  to clarify  the  mechanisms  controlling  follicle  development.  Thus,  the  aim  of  this  study
was to evaluate  the  effect  of  the  interaction  between  keratinocyte  growth  factor-1  (KGF-
1) and  kit  ligand  (KL)  on  early  folliculogenesis  in  the  goat.  Goat  ovarian  fragments  were
cultured  in  vitro  for 7 days  in  media  supplemented  with  KGF-1  (1  ng/mL)  or KL  (50 ng/mL)
alone or  in combination  (KGF  + KL).  Non-cultured  control  and  cultured  ovarian  fragments
were processed  for histological  and  viability  analyses,  transmission  electron  microscopy
(TEM) and  qPCR  evaluation.  After  in vitro culture,  all treatments  reduced  the  percentage
of normal  and  viable  follicles  compared  to the  non-cultured  control  (P  <  0.05).  However,
no difference  was  observed  among  the  cultured  treatments  (P  > 0.05).  TEM  conﬁrmed  the
follicular  integrity  after  7 days  of  culture  with  KGF-1  and  KL.  In  addition,  a  larger  percentage
of  growing  follicles  and  large-diameter  follicles  were  observed  when  KL  was  added  alone  to
the  culture  medium  compared  to the  cultured  control  (P <  0.05).  Ovarian  tissues  cultured  in
KGF-1  alone  or KGF-1  in  combination  with  KL  showed  lower  levels  of  mRNA  for  KGF-1  recep-
tor (FGFR2IIIb)  than  the  non-cultured  control  (P <  0.05).  In contrast,  the  mRNA  expression
for KL and  its  receptor  (c-kit)  decreased  in  all cultured  treatments  (P  < 0.05).  In conclusion,
under our  culture  conditions,  we  could  not  conﬁrm  that  the oft-quoted  KGF-1/KL  system  is
playing  an  essential  role  in  goat initial  folliculogenesis.. Introduction
Better understanding of the cellular and molecular
vents that control the pool of primordial follicles and
ollicular development is of the utmost importance to
mprove in vitro fertilization rates and to design new
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approaches for regulating fertility (Richards and Pangas,
2010). In addition to the interactions between the oocyte
and granulosa cells, the interactions between the granulosa
and theca cells have been identiﬁed as essential for the ini-
tial follicular development (Matzuk et al., 2002; McGee and
Hsueh, 2000). Concerning the paracrine factors secreted by
these cellular compartments (granulosa/theca), the pos-
itive interaction between keratinocyte growth factor-1
(KGF-1) and kit ligand (KL) has been described (Cho et al.,
2008; Kezele et al., 2005; Parrott and Skinner, 1998a).
KGF-1, also known as ﬁbroblast growth factor-7 (FGF-
7), is a polypeptide that is produced by theca cells, and its
action occurs via the FGFR2IIIb receptor, a splice variant
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of the FGF receptor 2 (FGFR2) (de Giorgi et al., 2007; Parrott
et al., 1994) that is predominantly expressed in the granu-
losa cells of growing follicles (Parrott and Skinner, 1998b).
In some species, KGF-1 can suppress apoptosis and pro-
mote the growth and differentiation of granulosa cells
(McGee et al., 1999), stimulate follicular transition (Kezele
et al., 2005), induce oocyte growth (Cho et al., 2008) and
maintain the ultrastructure of preantral follicles (Faustino
et al., 2011).
KL, in turn, is a glycoprotein that is expressed predo-
minately on granulosa cells. KL exerts its biological effects
by binding to a tyrosine kinase receptor (c-kit), which is
present in the oocyte and theca cells (Ashman, 1999; Hutt
et al., 2006). In vitro studies have shown that activation
of the KL/c-kit system is directly related to several ovarian
functions. When added to an in vitro culture, KL promoted
follicular activation (Celestino et al., 2010; Lima et al., 2012;
Parrott and Skinner, 1999), follicular growth, follicular sur-
vival and oocyte maturation (Jin et al., 2005; Reynaud
et al., 2000), the proliferation of granulosa cells (Otsuka
and Shimasaki, 2002), the recruitment of theca cells and
the regulation of the ovarian steroidogenesis (Hutt et al.,
2006).
Although the favorable interaction between KGF-1 and
KL on follicular development has already been demon-
strated in rats (Kezele et al., 2005) and cows (Parrott and
Skinner, 1998a), the requirements for this development
vary between species (Faustino et al., 2010; Grifﬁn et al.,
2006; Magalhães et al., 2011). Consequently, the culture
media developed and the supplements added also vary
according to the target species. Since the effect of the asso-
ciation between KGF-1 and KL on the in vitro development
of goat preantral follicles has not been evaluated, this study
was conducted to determine the effect of the interaction
between these factors in this species. For this study, param-
eters including survival, activation, in vitro growth and
the ultrastructure of goat preantral follicles were evalu-
ated after in situ culture for seven days with or without
the addition of KGF-1 or KL, alone or in combination. The
mRNA expressions for these factors and their receptors
were quantiﬁed after follicular culture.
2. Materials and methods
2.1. Chemicals
Human recombinant KGF-1 (catalog no. CRK300B) and human recom-
binant KL (catalog no. CRS200B) were purchased from Cell Sciences
(Canton, MA,  USA). Unless otherwise stated, the culture media and other
chemicals that were used in the present study were purchased from Sigma
Chemical Co. (St Louis, MO,  USA).
2.2. Source of ovaries
Ovaries (n = 10) were collected from 5 adult cross-bred goats (Capra
hircus)  at a local slaughterhouse (one goat = one repetition). Immediately
postmortem, the ovaries were washed once in 70% ethanol for 10 s and
then washed twice in minimum essential medium (MEM)  supplemented
with 100 g/mL penicillin and 100 g/mL streptomycin. The ovaries were
transported to the laboratory in MEM  at 4 ◦C within 1 h.2.3. Experimental protocol
In the laboratory, the ovaries collected were stripped of the surround-
ing fat and ﬁbrous tissue. Subsequently, the ovarian cortex from eachesearch 114 (2013) 112– 119 113
ovarian pair was  cut into 15 fragments (∼3 mm × 3 mm × 1 mm)  using
a scalpel under sterile conditions. The fragments from the same ovar-
ian  pair/repetition were then either destined randomly for morphological
examination (classical histology and transmission electron microscopy),
viability testing and PCR analyses (as a non-cultured control) or placed in
24-well culture dishes containing 1 mL of culture medium and cultured for
7  days. The culture system used in the present study has been described in
detail elsewhere (Faustino et al., 2011). Cultures were performed at 39 ◦C
in 5% CO2 in a humidiﬁed incubator and all media were incubated for 1 h
before use. The basic culture medium, called -MEM+, consisted of -MEM
(pH  7.2–7.4) supplemented with ITS (10 g/mL insulin, 5.5 g/mL trans-
ferrin and 5.0 ng/mL selenium), 2 mM glutamine, 2 mM hypoxanthine,
50  g/mL ascorbic acid and 1.25 mg/mL  bovine serum albumin (BSA). For
the experimental conditions, -MEM+ was supplemented or not (cultured
control) with 1 ng/mL KGF-1 (KGF) or 50 ng/mL KL (KL) alone or in combi-
nation (KGF + KL). The culture medium was replenished every other day.
After culture, all treatments (cultured control, KGF, KL and KGF + KL) were
destined for morphological examination, viability tests and PCR analy-
ses.  In each replication, all the treatments (non-cultured control, cultured
control, KGF, KL and KGF + KL) were compared using ovarian fragments
from the same animal. The concentrations used in this work were cho-
sen based on previous studies from our laboratory (Celestino et al., 2010;
Faustino et al., 2011), which demonstrated that 1 and 50 ng/mL of KGF-1
and KL, respectively, promoted early follicular development of goat fol-
licles during the 7-day culture period and maintained normal follicular
ultrastructure.
2.4. Morphological analysis and assessment of in vitro follicular growth
Before culture (non-cultured control) and after 7 days in culture, tissue
pieces were ﬁxed in Carnoy’s solution for 3–4 h (before ﬁxation, a small
piece of 1 mm3 from each fragment was  obtained for ultrastructural anal-
ysis, see next section). After ﬁxation time, fragments were dehydrated in
increasing concentrations of ethanol and then clariﬁed with xylene. After
parafﬁn embedding (Dinâmica, Diadema, SP, Brazil), the tissues pieces
were cut into 7 m sections and each section was mounted on glass slides
and  stained with Periodic Acid Schiff (PAS)-hematoxylin. The follicle stage
and  morphology were assessed microscopically on serial sections using
a  microscope (Nikon, Japan) under 400× magniﬁcation. Each follicle was
examined in every section and matched with the same follicle on the adja-
cent serial sections to avoid double counting, ensuring that each follicle
was  counted once regardless of its size.
The developmental stages of follicles have been divided into primor-
dial  (one layer of ﬂattened granulosa cells around the oocyte) and growing
follicles (Faustino et al., 2011). Growing follicles were subdivided into
intermediate (one mixed layer of ﬂattened and cuboidal granulosa cells),
primary (one layer of cuboidal granulosa cells) and secondary (two or
more layers of cuboidal granulosa cells around the oocyte and without
antrum cavity). These follicles were classiﬁed individually as histologi-
cally normal when an intact oocyte was  present without pyknotic nuclei
and was surrounded by granulosa cells that were well organized in one or
more layers. Atretic follicles were deﬁned as those with a retracted oocyte,
pyknotic nucleus and/or disorganized granulosa cells detached from the
basement membrane. Overall, 150 follicles were evaluated for each treat-
ment (30 follicles per treatment in one repetition × 5 repetitions = 150
follicles).
To  evaluate follicular activation, only intact follicles with a visible
oocyte nucleus were recorded and the proportions of primordial and
growing follicles were calculated at day 0 (non-cultured control) and
7  days of culture in the various culture conditions. In addition, using
only normal follicles, the oocyte and follicle diameters from 30 folli-
cles/treatment were measured at x and y dimensions (90◦) with the aid
of a DS Cooled Camera Head (DS-Ri1) coupled to a Nikon Eclipse 80i
microscope and analyzed using the Nikon NIS Elements software (Nikon
NIS-Elements 3.0, 2008) under 400× magniﬁcation.
2.5. Ultrastructural analysis
To better examine the effects of KGF + KL on follicular morphology,
transmission electron microscopy was performed to analyze the ultra-
structure of preantral follicles from the non-cultured control as well as
from the treated samples cultured in the presence of both growth fac-
tors. The effect of KGF or KL alone on the ultrastructure was not analyzed
because previous data from our team reported that the ultrastructure
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eatures of goat preantral follicles were maintained with the same concen-
ration tested in the presence of these factors in a similar culture system
ith the same duration of culture (7 days) (Celestino et al., 2010; Faustino
t  al., 2011). Furthermore, the effect of -MEM+ alone was not evalu-
ted because our group established that follicles cultured in our basic
edium alone (cultured control) show signs of degeneration, such as high
evels of cytoplasmic vacuolization, an absence of basement membrane
ntegrity and disorganized granulosa cells (Faustino et al., 2011; Lima
t al., 2012). Small pieces (1 mm3) of caprine ovarian tissues from the
reatments mentioned above (non-cultured control and KGF + KL) were
xed in 2% paraformaldehyde and 2.5% glutaraldehyde in 0.1 M sodium
acodylate buffer (pH 7.2) for 4 h at room temperature (approximately
5 ◦C). After ﬁxation, specimens were post-ﬁxed in 1% osmium tetroxide,
.8% potassium ferricyanide and 5 mM calcium chloride in 0.1 M sodium
acodylate buffer for 1 h. Subsequently, the samples were contrasted with
ranyl acetate and lead citrate, dehydrated through a gradient of acetone
olutions and embedded in Spurr’s resin. Semi-thin sections (4 m)  were
ut  using an ultramicrotome (Reichert Supernova, Heidelberg, Germany)
nd  stained with toluidine blue for light microscopy studies. Ultra-thin
ections (65–75 nm)  were obtained from preantral follicles classiﬁed as
orphologically normal from semi-thin sections according to the criteria
dopted in histology. Afterward, ultra-thin sections were examined under
 Jeol 1011 (Jeol, Tokyo, Japan) transmission electron microscope. Param-
ters, such as the density and integrity of ooplasmic and granulosa cell
rganelles, vacuolization and basement membrane integrity, were further
valuated.
.6. Assessment of preantral follicle viability
The viability of the preantral follicles from the non-cultured control
nd  cultured control and from the KGF, KL and KGF + KL treatments were
nalyzed using a more accurate assessment based on ﬂuorescent probes.
ccordingly, ovarian fragments were immediately processed for follicle
solation using the mechanical method described by Carvalho et al. (2011).
rieﬂy, for each treatment, fragments from all goats were pooled and
hen cut into small pieces using a tissue chopper (The Mickle Laboratory
ngineering Co., Gomshal, Surrey, UK) adjusted to a sectioning interval
f  75 m. Samples were placed in MEM  supplemented with 3.0 mg/mL
SA and suspended 100 times with a large Pasteur pipette (inner diam-
ter ∼ 1600 m),  followed by 100 times with a smaller Pasteur pipette
inner diameter ∼ 600 m)  to dissociate preantral follicles from stroma.
he material obtained was  then passed through a 200 m nylon mesh ﬁl-
er.  This procedure was performed within 10 min  at room temperature.
he two-color ﬂuorescence cell viability test simultaneously determined
ive and dead cells through the addition of 4 M calcein-AM and 2 M
thidium homodimer-1 (Molecular Probes, Invitrogen, Germany), respec-
ively, to the suspension of isolated follicles, followed by incubation at
9 ◦C for 15 min. While the ﬁrst probe detected the intracellular esterase
ctivity of viable cells, the subsequent probe labeled nucleic acids of non-
iable cells with plasma membrane disruption. The ﬂuorescent signals
mitted by calcein-AM and ethidium homodimer-1 were collected at 488
nd 568 nm,  respectively. Preantral follicles were classiﬁed as viable when
he cytoplasm of oocytes and granulosa cells was positively stained with
able 1
ligonucleotide primers sequences for KGF, FGFR2IIIb, KL,  c-kit and GAPDH used fo
Target gene Primer sequence (5′ → 3′) Sen
KGF-1
gacatggatcctgccaagtttgct S 
gccatttgctctggagtcatgtca AS 
FGFR2IIIb
aggcgatgtggagtttgtct S 
tcggtcacattgaacagagc AS 
KL
agcgagatggtggaacaactgtca S 
gttcttccatgcactccacaaggt AS 
c-kit
agtttcccaggaacaggctgagtt S 
cgttctgttaaatgggcgcttggt AS 
GAPDH
tgtttgtgatgggcgtgaacca S 
atggcgtggacagtggtcataa AS 
a S: sense; AS: antisense; KGF-1: keratinocyte growth factor-1 or ﬁbroblast gro
GFR (a FGFR isoform); KL: kit ligand; c-kit: kit ligand receptor; GAPDH: glyceralesearch 114 (2013) 112– 119
calcein-AM (green) and when the chromatin was not stained with ethid-
ium homodimer (red).
2.7. Expression of mRNA for KGF-1, KL and their receptors in cultured
ovarian tissue
For this procedure, ovarian fragments from the non-cultured control,
the cultured control, specimens treated with KGF alone, KL alone and
KGF + KL, were pooled to make each RNA sample. Isolation of total RNA
was  performed using TrizolTM (Invitrogen, São Paulo, SP, Brazil) follow-
ing the manufacturer’s recommendations. Brieﬂy, the frozen tissue was
macerated in 1 mL  of Trizol and the organic portion was  separated from
the aqueous phase by the addition of 200 L of chloroform and centrifu-
gation at 12,000 g for 15 min at 4 ◦C. After centrifugation, the supernatant
was  mixed with an equal volume of 70% ethanol. Total RNA was puri-
ﬁed from this supernatant using the column system PureLinkTM RNA
Mini Kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer’s
instructions. RNA preparations were subjected to DNase I treatment with
a  PureLinkTM DNase (Invitrogen, Carlsbad, CA, USA). After this treatment,
RNA was washed with the buffer solutions provided and then resuspended
in 30 L of RNAse free water. RNA quality and concentration were deter-
mined with the NanoDropTM 2000 spectrophotometer (Thermo Fisher
Scientiﬁc, MA,  USA). Prior to reverse transcription, the eluted RNA sam-
ples were incubated for 5 min at 65 ◦C and then chilled on ice. Reverse
transcription was  then performed in a total volume of 20 L made up of
a  0.5 g sample of RNA, 4 L of 5× reverse transcriptase buffer (Invitro-
gen, São Paulo, Brazil), 8 units of RNaseOUT, 150 units of Superscript III
reverse transcriptase, 0.036 U random primers (Invitrogen), 10 mM DTT
and  0.5 mM of each dNTP. This mixture was  incubated at 25 ◦C for 5 min,
50 ◦C for 40 min  and 70 ◦C for 15 min. The resulting cDNA was stored at
−20 ◦C until later use. Minus RT blanks were prepared under the same
conditions except that reverse transcriptase was excluded. Quantiﬁcation
of  mRNA levels was  performed using the Power SYBRTM Green PCR Master
Mix. Real-time PCR reactions were carried out using 1 L of cDNA as the
template in 10 L of Power SYBRTM Green PCR Master Mix  (PE Applied
Biosystems, Foster City, CA, USA), 7.4 L of ultra-pure water and 0.5 M
of each primer. The primers were designed to perform ampliﬁcation of
mRNA for KGF-1,  KL and their receptors (FGFR2IIIb and c-kit, respectively).
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as endoge-
nous controls for the normalization of gene expression. The gene-speciﬁc
primers used for the ampliﬁcation of the different transcripts are shown
in  Table 1. The thermal cycling proﬁle for the ﬁrst round of PCR was
as  follows: initial denaturation at 95 ◦C for 10 min, then 40 PCR cycles
(15 s at 95 ◦C, 1 min  at 60 ◦C, 1 min at 72 ◦C), followed by a ﬁnal exten-
sion  of 10 min  at 72 ◦C. The speciﬁcity for each primer set was tested
by  performing the melting procedure at a temperature between 60 and
95 ◦C for all genes, starting the ﬂuorescence acquisition at 60 ◦C and tak-
ing measurements at 10-second intervals until the temperature reached
95 ◦C. All reactions were performed in a i-cycler IQ5 (BioRad, USA). The
delta-delta-CT method was used to transform the threshold cycle val-
ues into normalized relative expression levels (Livak and Schmittgen,
2001).
r qPCR in the cultured goat ovarian tissue.
sea Position Accession no.
18–41
NM 001193131.199–122
116–135
AF213380.1279–298
212–235
NM 174375.2330–353
1808–1831
D45168.11938–1961
287–308
AJ431207.1
419–440
wth factor (FGF-7); FGFR2IIIb: ﬁbroblast growth factor receptor 2IIIb or
dehyde 3-phosphate dehydrogenase.
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Fig. 1. Histological section (400×) after PAS-hematoxylin staining showing morphologically normal and atretic preantral follicles. (a) Normal secondary
follicle  in the non-cultured control. (b and c) Atretic follicles after 7 days of culture in the absence (cultured control) or presence of 1 ng/mL KGF-1,
ays of c
ranulosrespectively. (d and e) Normal primary and primordial follicles after 7 d
1  ng/mL KGF-1, respectively. Note the pyknotic nucleus (black arrow), g
oocytes; N: oocyte nucleus; GC: granulosa cell. Scale bar = 25 m.
2.8. Statistical analysis
The percentages of morphologically normal preantral follicles and dif-
ferent follicular stages (primordial and growing follicles) were initially
subjected to Kolmogorov–Smirnov and Bartlett’s tests to conﬁrm a nor-
mal  distribution and homogeneity of variance, respectively. An analysis
of  variance was then performed using the General Linear Models (GLM)
procedure of SAS (1999), and the SNK test was  used for a comparison
of  the means. Data of follicular viability assessed through ﬂuorescence
microscopy were analyzed for the dispersion of frequencies using the 2
test. Data for the relative expression by qPCR and follicle and oocyte diam-
eters did not show homogeneity of variance and they were analyzed using
a  Kruskal–Wallis non-parametric test. Differences among groups were
considered to be signiﬁcant when P < .05. Results were expressed as the
mean ± SEM.
3. Results
3.1. Percentages of morphologically normal goat
preantral folliclesIn the present study, 150 follicles per treatment were
analyzed using a histological analysis, yielding a total of
750 goat preantral follicles. Morphologically normal and
Table 2
Evaluation of morphologically normal preantral follicles, follicular activation (prim
viability (calcein-AM positive and ethidium-homodimer-1 negative) in the non-
the  absence (cultured control) or presence of KGF (1 ng/mL) and KL (50 ng/mL) al
Treatments Normal follicles
(mean ± SEM)
Follicular activation 
Primodial follicles
(mean ± SEM)
Growi
(mean
Non-cultured control 92.00 ± 7.60 57.14 ± 6.80 42.86 
Cultured control 57.33 ± 12.56* 24.44 ± 9.67*a 75.56 
KGF 55.33 ± 14.56* 12.43 ± 6.55*ab 87.57 
KL 69.33 ± 12.78* 8.68 ± 4.44*b 91.32 
KGF + KL 64.67 ± 6.05* 12.22 ± 5.78*ab 87.78 
* Differs signiﬁcantly from non-cultured control follicles (P < 0.05).
a,bDiffers signiﬁcantly among cultured treatments in the same follicular categoryulture in the presence of 50 ng/mL KL alone or KL in combination with
a cell disorganization (white arrow) and oocyte retraction (asterisk). O:
atretic preantral follicles were found in ovarian fragments
from the non-cultured control as well as after 7 days of
culture (Fig. 1).
The percentages of morphologically normal preantral
follicles in the non-cultured control, cultured control and
KGF, KL and KGF + KL treatments are shown in Table 2.
After in vitro culture, all treatments showed a reduction
in the percentage of normal follicles compared to the non-
cultured control (92.00%; P < 0.05). However, when the
cultured treatments were compared to each other, there
was no difference between the percentages of normal fol-
licles (P > 0.05).
3.2. Follicular activation and growth after in vitro culture
The percentages of normal primordial and growing folli-
cles in the non-cultured control, cultured control, and KGF,
KL and KGF + KL treatments are shown in Table 2. After 7
days of culture, a reduction in the percentage of primordial
follicles concomitant with an increase in the percentage of
growing follicles was  observed in all treatments (P < 0.05)
in comparison to the non-cultured control; these results
ordial and growing follicles), oocyte and follicle diameters and follicular
cultured control and cultured samples after in vitro culture for 7 days in
one or in combination (KGF + KL).
Diameter (m)  Viable
folicles (%)
ng follicles
 ± SEM)
Oocyte
(mean ± SEM)
Follicle
(mean ± SEM)
± 6.80 21.45 ± 1.78 29.11 ± 2.01 100.00
± 9.67*b 21.54 ± 0.85 30.48 ± 1.52b 60.00*
± 6.55*ab 21.97 ± 0.52 31.66 ± 0.91*ab 56.67*
± 4.44*a 22.86 ± 1.47 33.22 ± 2.16*a 63.33*
± 5.78*ab 22.60 ± 1.30 32.05 ± 1.91*ab 73.33*
 (P < 0.05).
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sig. 2. Ultrastructural analysis of a normal caprine preantral follicle (a) fro
GF-1  and KL. Ooc: oocyte; Nu: oocyte nucleus; GC: granulosa cells; n: gr
ntact  oocytes (black arrows) and nucleus (white arrows) membrane. Sca
uggest follicular activation. The addition of KGF alone or
n combination with KL (KGF + KL) in the culture medium
ad no additional effect on the percentage of growing fol-
icles (87.57% and 87.78%, respectively) compared to the
ultured control (75.56%; P > 0.05). However, KL promoted
igher proportions of growing follicles (91.32%) compared
o the cultured control (P < 0.05). In addition, this treatment
howed the highest percentage of primary follicles (27.79%;
ata not shown).
According to Table 2, there was no signiﬁcant differ-
nce in oocyte diameter among all treatments (P > 0.05).
owever, the follicular diameter increased after in vitro
ulture in KGF (31.66 ± 2.04 m),  KL (33.22 ± 4.84 m)  and
GF + KL (32.05 ± 4.27 m)  compared to that of the non-
ultured control (29.11 ± 4.50 m;  P < 0.05). Furthermore,
L was the only treatment that showed a higher follic-
lar diameter compared to that of the cultured control
30.48 ± 3.41 m;  P < 0.05).
.3. Ultrastructural features of preantral follicles
To better evaluate follicular integrity, preantral follicles
rom the non-cultured control and from tissues cultured
or 7 days in KGF + KL underwent ultrastructural analysis
Fig. 2). Follicles from the non-cultured control exhibited
ntact oocytes, nuclear membranes and large oocyte nuclei
Fig. 2a). Moreover, the organelles, especially mitochondria
nd endoplasmic reticulum, were uniformly distributed in
he ooplasm. Granulosa cells were also ultrastructurally
ormal and well organized around the oocyte, showed
longated and large nuclei and displayed a high nuclei-
o-cytoplasm ratio. Microvilli from oocyte and cytoplasmic
xtensions from granulosa cells were visible in the space
etween these compartments. Follicles from cultured ovar-
an tissue (KGF + KL) showed an ultrastructure similar to
hose from the non-cultured control (Fig. 2b) although two
o six oocytes had irregular nuclear membranes and empty
paces in the ooplasm.cultured control and (b) sample cultured for 7 days in medium containing
 cell’s nucleus; Mit: mitochondria; Vac: vacuoles. Note in (a) and (b) the
 1 m.
3.4. Assessment of follicular viability
Goat preantral follicles were isolated from the non-
cultured control and after in vitro culture (cultured control,
KGF, KL and KGF + KL). Then, a ﬂuorescence cell viability
assay was  employed based on labeling of live and dead cells
by calcein-AM and ethidium homodimer-1, respectively
(Fig. 3).
In total, viability was  assessed in 150 preantral follicles.
Table 2 shows the percentages of viable preantral folli-
cles. After in vitro culture, a reduction in the percentage
of viable follicles compared to non-cultured control (100%)
was  observed in all treatments (P < 0.05). Among the cul-
tured treatments, the KGF + KL condition had the highest
viability percentage (73.33%); however, similar to the his-
tological analysis, no differences were observed among the
treatments when the percentages of viable preantral folli-
cles were compared (P > 0.05).
3.5. Expression of mRNA for KGF-1, KL, FGFR2IIIb and
c-kit
The mRNA levels of KGF-1,  KL and their respective
receptors, FGFR2IIIb and c-kit, in ovarian tissue from the
non-cultured control, cultured control and KGF, KL and
KGF + KL treatments are shown in Fig. 4. Quantiﬁcation
of mRNA expression demonstrated that no difference was
observed in KGF-1 mRNA expression among the treatments
(P > 0.05; Fig. 4a). However, ovarian tissues cultured with
KGF alone or in combination with KL (KGF + KL) showed
lower levels of mRNA for FGFR2IIIb compared to tissues in
the non-cultured control (P < 0.05; Fig. 4b). In addition, the
signal of mRNA expression for KL and c-kit decreased in the
cultured treatments compared to that for the non-cultured
control (P < 0.05; Fig. 4c and d).4. Discussion
Interactions between the epithelial and mesenchymal
cells in the follicle are critical for the coordination of ovarian
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Fig. 3. Preantral follicles mechanically isolated from cultured fragments and labeled with calcein-AM (viable cells in green staining) or ethidium homodimer-
1  (nuclei from dead cells in red staining). (a and b) Representative images of a viable preantral follicle after in vitro culture for 7 days in the presence of
KGF-1  and KL. (c and d) Representative images of a non-viable preantral follicle after in vitro culture for 7 days in cultured control. Scale bars = 10 m.
Fig. 4. Relative mRNA expression of KGF-1 (a), FGFR2IIIb (b), KL (c), and c-kit (d) in the non-cultured control and in samples after in vitro culture for 7 days
in  the absence (cultured control) or presence of KGF (1 ng/mL) and KL (50 ng/mL) alone or in combination (KGF + KL). a,bDiffers signiﬁcantly among the
treatments (P < 0.05).
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ollicle development (Kezele et al., 2005). Using in vitro cul-
ure systems, several reports have shown interactions in
he ovary between KGF-1 and KL, which are mesenchymal
nd epithelial factors, respectively (rat: Kezele et al., 2005;
ovine: Cho et al., 2008; Parrott and Skinner, 1998a). The
ffect of adding KGF-1 and KL alone on early follicle devel-
pment in goats has been studied by our team (Celestino
t al., 2010; Faustino et al., 2011). However, to our knowl-
dge, the existence of a functional KGF/KL system in the
vary of this species has not been reported yet.
After in vitro culture, no additional effect from KGF-1 or
L – either alone or in combination – on the follicular mor-
hology was observed. These data were later conﬁrmed by
n analysis of follicular viability. We  believe that this lack
f effect could be due to the fact that our basic medium (-
EM+) is rich in nutrients (amino acids, carbohydrates and
itamins) and DNA precursors, which are by themselves
mportant contributors to follicular development (regard-
ess of the addition of growth factors). Moreover, in this
tudy, -MEM was supplemented with insulin and ascorbic
cid, which are considered important substances to main-
ain healthy follicles during culture (Adhikari and Liu, 2009;
ossetto et al., 2009). In support of this view, Celestino et al.
2010) used a basic medium less rich than that used in the
urrent study and veriﬁed the positive effect of 50 ng/mL
L on follicular survival. As highlighted before, the effect of
GF-1 and KL alone on the maintenance of the ultrastruc-
ural features of goat preantral follicles after in vitro culture
as already been demonstrated in the literature (Celestino
t al., 2010; Faustino et al., 2011). In this present study,
e demonstrated that the association of KL and KGF-1 also
as no detrimental effect, preserving the normal follicular
ltrastructure.
In our culture system, an effect of adding growth fac-
ors on the activation of primordial follicles was  observed
nly for KL alone. Our results are consistent with those pre-
iously reported for goat ovaries by Celestino et al. (2010)
nd Lima et al. (2012), who also observed a positive effect of
L on follicular activation. KL was one of the ﬁrst discovered
nown factors with a recognized role in primordial follicle
ctivation (Celestino et al., 2009; Hutt et al., 2006; Thomas
nd Vanderhyden, 2006). However, its association with
GF did not enhance the individual effect of KL alone. Given
revious studies in other species (rats: Kezele et al., 2005
nd cows: Cho et al., 2008; Parrott and Skinner, 1998a), we
id not expect the lack of interaction between KGF-1 and KL
n goat preantral follicle development. As proposed by Lima
t al. (2012), who studied the interaction between KL and
SH, ﬁnding the correct combination of concentrations of
oth substances is necessary to obtain useful results about
he association between factors. Thus, it is likely that the
oncentrations of KGF (1 ng/mL) and KL (50 ng/mL) used
n combination were not adequate for a positive result for
he follicular activation or that the stimulatory effect pro-
ided by the individual use of KL reached the optimal level
o that no additional effect on the transition from primor-
ial to growing follicles could be observed when KGF-1 was
dded with KL.
No effect of KGF-1 on the oocyte or follicle diame-
ers was observed. This ﬁnding corroborates our previous
ork in which KGF-1 did not increase follicle and oocyteesearch 114 (2013) 112– 119
diameters after in vitro culture, probably because of the
low mitogenic stimulation in the initial phases of follic-
ular development (Faustino et al., 2011). Other studies
have been conﬁrmed that KGF-1 is a factor that promotes
granulosa cell proliferation in the antral follicles of the rat
(McGee et al., 1999) and cow (Cho et al., 2008); thus, the
KGF-1 activities should be related to later folliculogene-
sis. Furthermore, the addition of KL alone to the culture
medium was  the only treatment capable of increasing fol-
licular diameter after culture. These ﬁndings are in line
with the literature because the role of KL in somatic cell
proliferation in the follicle is also well accepted (Otsuka
and Shimasaki, 2002; Reynaud et al., 2000), including in
goats, which was  previously demonstrated by our group
(Celestino et al., 2010; Lima et al., 2012).
The qPCR data showed that all treatments expressed
mRNA for KGF, KL and their receptors (FGFR2IIIb and c-kit,
respectively). We  showed that mRNA expression for KGF-
1 was uniform in all treatments. Berisha et al. (2004) also
reported uniformity in the mRNA levels of KGF-1,  which
did not vary along the antral stage. However, the authors
veriﬁed that the mRNA expression for FGFR2IIIb increased
continuously during the ﬁnal growth of follicles, suggesting
that the action of KGF-1 is modulated by the level of tran-
scription of its receptor. In contrast, in the present study,
the mRNA expression for FGFR2IIIb in the ovarian frag-
ments decreased after in vitro culture in KGF alone or in
combination with KL compared to the mRNA level in the
non-cultured control. Nevertheless, we cannot explain the
lack of an effect from KGF-1 in our experimental condition
based on a down-regulation of its receptor, since the levels
of expression for FGFR2IIIb were similar among the cultured
treatments. Further work is needed to verify if the same
pattern demonstrated in cattle antral follicles by Berisha
et al. (2004) may  be observed in goats.
To our knowledge, this study is the ﬁrst to demonstrate
the mRNA expression of KL and c-kit in goat ovarian tis-
sue cultured in vitro. In rats, the levels of mRNA for KL in
ovarian cultures increased after treatment with 50 ng/mL
KGF-1 (Kezele et al., 2005); however, the authors did not
check whether KL mRNA levels would increase in the pres-
ence of KL alone. Similar observation was  reported in the
cow, where the mRNA expression levels for KL and c-
kit were stimulated by KGF-1 addition in cumulus-oocyte
complexes (Cho et al., 2008). Recently, it has been reported
that mRNA expression for KL in the mouse secondary folli-
cle decreased after 4 days of culture, whereas the mRNA of
c-kit had a similar expression pattern before and after cul-
ture (Parrish et al., 2011). With our experimental design,
we demonstrated that the signal for mRNA expression of
KL and c-kit decreased during in vitro culture in all treat-
ments tested; this result can partially explain the reduction
in the follicular survival. Despite this ﬁnding, the decrease
in KL and c-kit mRNA expression reported using our cul-
ture system did not interfere with the positive effect of
this growth factor in follicular activation and the follicular
diameter increase.From in vitro observations in cows (Parrott and Skinner,
1998a) and rats (Kezele et al., 2005), a mechanism was
proposed in which the pregranulosa cells produce KL
that acts on the oocyte and the theca cells. Theca cells
inant RL.R. Faustino et al. / Small Rum
in turn produce KGF-1, which acts on the pregranulosa
cells to stimulate initial follicle development. Neverthe-
less, according to the results of this study in goats, this
interaction (KGF-1 and KL) seems to happen through a dif-
ferent mechanism at least during the initial folliculogenesis
because no additional effect on follicular development and
mRNA expression of KGF-1 and KL were observed from
the interaction between KGF-1 and KL. Thus, we suggest
that the positive effect of KL on primordial activation may
result from its direct action with the c-kit receptor. More-
over, these contradictory ﬁndings could also result from the
differences between the species and culture systems used.
5. Conclusion
Knowledge of the factors that control early follicle
development is fundamental for understanding several
mechanisms related to ovarian physiology. As demon-
strated several times in the current study, we strongly
believe that multiple signals and cell–cell interactions are
crucial for this knowledge and that the study of these inter-
actions is the ultimate step to clarify those mechanisms.
Based on this work, under our in vitro culture conditions,
we could not conﬁrm that the oft-quoted KGF-1/KL system
is playing an essential role in goat initial folliculogenesis.
Furthermore, we conﬁrmed herein that KL is an important
factor for pushing primordial follicles from the quiescent
stage and contributing to the increase in the granulosa cell
size/proliferation in the goat.
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